Statistical analysis of extremes is conducted for predicting large return periods events. LQ-moments that are based on linear combinations are reviewed for characterizing the upper quantiles of distributions and larger events in data. The LQ-moments method is presented based on a new quick estimator using five points quantiles and the weighted kernel estimator to estimate the parameters of the generalized extreme value (GEV) distribution. Monte Carlo methods illustrate the performance of LQ-moments in fitting the GEV distribution to both GEV and non-GEV samples. The proposed estimators of the GEV distribution were compared with conventional L-moments and LQ-moments based on linear interpolation quantiles for various sample sizes and return periods. The results indicate that the new method has generally good performance and makes it an attractive option for estimating quantiles in the GEV distribution.
Introduction
Statistical analysis of extremes is often interested for predicting large return period events. Thus, the more relevant analysis is the upper quantiles of the distributions and the extreme sample events (Wang, 1997) . The method of classical moments (MOM) is mostly used because of its relative ease of application but it is generally not as efficient as the maximum likelihood (ML) method estimates and it is too sensitive to the upper quantiles of distributions (Vogel & Fennessey, 1993 (Park, 2005) .
The L-moments (LMOM), certain linear functions of the expectations of order statistics, were introduced and comprehensively reviewed by Hosking (1990) . Hosking (1990) presented the LMOM estimators for some common distributions and demonstrates that in some cases, the LMOM method may give even better fit than ML method. Hosking and Wallis (1997) illustrated that LMOM are efficient in estimating parameters of a wide range of distributions. In general, the bias of small sample estimates of higher-order LMOM is fairly small as compared to traditional moment estimates. This method has become a standard procedure in hydrology for estimating the parameters of certain statistical distributions. The LMOM have found wide applications in such fields of applied research as civil engineering, meteorology, hydrology, quality control and engineering (Sankarasubramanian & Srinivasan, 1999; Karvanen, 2005) .
Mudolkar and Hutson (1998) extended LMOM to new moment like entitiles called LQmoments (LQMOM). The LQMOM are constructed by using functional defining the quick estimators, such as the median, trimean or Gastwirth, in places of expectations in LMOM.
The LQMOM that are based on the quick estimators, namely the trimean and the linear interpolation quantile estimator are used to fit a GEV to observed flood frequencies. They found the LQMOM are often easier to compute than LMOM, and in general behave similarly to the LMOM.
In this article, LQMOM that are based on the trimean and the linear interpolation quantile (LIQ) estimator are reviewed for characterizing the upper part of distributions and larger events in data. The objective of this article is to revisit the LQMOM, presents the LQMOM method based on the new quick estimator using five-points quantiles and the weighted kernel estimator (WK5) to estimate the parameters of the generalized extreme value (GEV) distribution. Estimation of the GEV distribution by using LQMOM is formulated. The performance of the LQMOM based on the new estimator is compared to LMOM and LIQ methods, by using both GEV and non-GEV simulated sample data.
Definition of LQ-Moment
Let 
(1) Mudholkar and Hutson (1998) 
where 
The skewness and kurtosis based upon the ratios of LQ-moments to be called LQ skewness and LQ kurtosis are given respectively by 
The Quantile Estimator David and Nagaraja (2003) , Sheather and Marron (1990) , Huang and Brill (1999) and Huang (2001) discussed several quantile estimators for estimating the values of the population quantile. In this study, only the linear interpolation quantile estimator and the weighted kernel quantile estimator are presented.
The Linear Interpolation Quantile Estimator Mudholkar and Hutson (1998) proposed the simplest quantile function estimator based on the linear interpolation (LIQ). This quantiles is used commonly in statistical packages such as MINITAB, SAS, IMSL and S-PLUS. The LIQ estimator is given by
where
A popular class of L quantile estimators is called kernel quantile estimators has been widely applied (Sheather & Marron, 1990; Huang & Brill, 1999; Huang, 2001 ). The L quantile estimators is given by
where K is a density function symmetric about 0 and )
The approximation of the L quantile estimator is called as the weighted kernel quantile estimator (WKQ) is given by
Generalized Extreme Value
The generalized extreme value (GEV) distribution has been used widely and importantly in the modeling of extreme events in several areas including hydrology, meteorology, finance and insurance, and reliability engineering (Park, 2005) . It was recommended for at-site flood frequency analysis in the United Kingdom, for rainfall frequency and for sea waves in the United States. Many studies in regional frequency have used the GEV distribution (Hosking et al., 1985b; Chowdhury et al., 1991) . In practice, it has been used to model a wide variety of natural extremes, including floods, rainfall, wind speeds, and wave height. Mathematically, the GEV distribution is very attractive because its inverse has a closed form, and parameters are easily estimated by LMOM (Martin & Stedinger, 2000) . The GEV distribution has cumulative distribution function (CDF)
Here, μ , σ , and k are location, scale, and shape parameters, respectively. Quantiles function of GEV distribution are given in terms of the parameters and the cumulative probability F by
L-Moments of GEV Distribution The LMOM estimators for GEV distribution (Martins & Stedinger, 2000) 
The kˆ function is a very good approximation for kˆ in the range (-0.5, 0.5). The LMOM estimators 3 2 1, , λ λ λ and 2 3 3λ λ = τ were obtained by using an unbiased estimator of the first three probability weighted moment (PWM) defined as
The unbiased estimator of r β is
where the The LQ moments of GEV Distribution
The LQ-moment estimators for the GEV distribution behave similarly to the L-moments.
From equations (5)-(9) and equation (22) indicated that the WK5 method is superior to the other methods. Table 1 shows the φ of the estimators for LMOM, and LIQ estimators compared to WK5 method for k = -0.3, -0.1, 0, 0.1, 0.3. For the estimation of ) (F Q , F > 0.9, WK5 in many cases leads to higher efficiency especially for k > -0.3. The LIQ estimators lead to lower efficiency than LMOM for all n and k.
Parent Distribution Function Unknown
In practice, the true distribution function is never known. Thus, it will be even more useful to look how estimation is affected by various methods when the assumed distribution function differs from the parent distribution function. In this study Kappa distribution was used to generate the random samples data. Hosking and Wallis (1993) used the kappa distribution to generate artificial data for assessing the goodness of fit of different distributions in their study on regional frequency analysis. The cumulative distribution function of the Kappa distribution four-parameter is
where ς is a location parameter, σ is a scale parameter, and h and k are shape parameters (Park and Park, 2002) . The quantile function of the kappa distribution is
This distribution is a special cases of the generalized logistic (GL) ) 0 and 1 (Sing et al, 2002) .
In order to evaluate the performance of the four-parameter estimation methods for GEV distribution, different parameters of kappa distribution were considered for simulation with values of the shape parameter ) ,
for EXP distribution. The location, ς and scale, σ parameters were set 0 and 1, respectively. For this purpose, 10 000 random samples of = n 15, 25, 50, and 100 are used.
The performance of the LQ-moments using WK5 are only considered to compare with LMOM because the LIQ estimator always has lower efficiency in comparison to the other estimators. Table 2 shows the RMSE of the F = 0.9, 0.98, 0.99, and 0.999 quantile estimators for LMOM, and WK5 method. The WK5 almost always perform better than LMOM except when the data are generated by the GL distribution for n > 15. Figure 3 shows the BIAS of ) (F Q , F = 0.99 estimators for n = 25 and 100. The results are quite similar. In term of BIAS the WK5 method is clearly superior to the LMOM method except when the data are from the GL distribution for n = 25.
Data Analysis
To illustrate the use of the GEV distribution for fitting data sets by various methods (LMOM, LQ moments using LIQ, and WK5), two sets of annual maximum flood series for the Feather River at Oroville and the Blackstone River at Woonsocket, were taken from Mudholkar and Hutson (1998) . The parameter estimates for each data set, using various methods, are given in Table 3 . Observed and computed frequency curves for the two data sets are plotted in Figure 4 . The observed data values are plotted against the corresponding For Feather River data, the frequency curves obtained by the WK5 lie much closer to the data than LMOM and LIQ methods. For the Blackstone River data, the frequency curves of the WK5 and LMOM methods are steeper than those of LIQ method, however the fitting of these methods are in serious error, especially for the larger flows.
Conclusion
The LQ-moments are constructed by using a function that defines the quick estimators, such as the median, trimean or Gastwirth, in places of expectations in L-moments have are reexamined. The quick estimators based on five points quantiles using weighted kernel estimators are introduced for characterizing the upper quantiles of distributions and larger events in a sample. The parameters of the GEV distribution are estimated by matching LQmoments to their sample estimates behave similarly to the L-moments. Results from fitting the GEV distribution function to generated GEV samples show that LQ-moments using WK5 almost always perform better than L-moments but has more BIAS than L-moments method. Results from fitting the GEV distribution function to samples generated from the Kappa distribution show that the WK5 lead to reduced BIAS and in many cases, higher efficiency compared to the other methods. The LIQ estimator leads to poorer estimation of high quantiles in terms of BIAS and RMSE.
This study has demonstrated that the conventional L-moment is not optimal for the estimation of GEV distribution. The new method of estimation, denoted the LQ-moments based on WK5 method, in many cases represents higher efficiency in high quantile estimation compared the L-moments method. The simplicity and generally good performance of this method make it an attractive option for estimating quantiles in the GEV distribution. Although the linear interpolation quantile estimator commonly used in most statistical software packages and in the LQ-moments method, but it does not perform as good as the WK5 in estimating the parameters of the GEV distribution.
